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@ Optical disc. 



@ An optical disc (1) Includes at least one track- 
ing groove (G) and a plurality of pits (P) which 
are arranged in between the spaces divided by 
the tracking groove (G). A depth of tracking 
groove (G) from a disc surface is selected to 
about X/16 to 3X/16 for a wavelength X of a 
reproducing light beam. A depth of each of the 
pits (P) from the disc surface is selected to 
about 5X/16 to X/2 for the wavelength X of the 
reproducing light beam. 



Fig. 3 
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BACKGROUND 

1. Field of the Invention 

The present invention relates to an optical disc. 
More particularly, the present invention related to an 
optical disc having a recording area which is recorded 
data and reproduced the data and a preformat area 
in which data is recorded by pits. 

2. Background of the Invention 

A magenta-optical disc is used as a data record- 
ing medium. The magneto-optical disc has a transpar- 
ent substrate, a perpendicular magnetization layer as 
a recording layer formed on one side surface of the 
substrate and a protective layer formed on the per- 
pendicular magnetization layerHThe magneto-optical 
disc has a large memory capacity. A large capacity of 
data can bjB recorded on or reproduced from the mag- 
neto-optical disc. In case of recording data onto the 
magnet-optical disc by a magnetic field modulating 
method, the perpendicular magnetization layer is 
heated to a Curie temperature or higher by a laser 
beam and an external magnetic field modulated by 
the data is applied. When a temperature of the per- 
pendicular magnetization layer is raised to the Curie 
temperature or higher, a coercive force of the perpen- 
dicular magnetization layer Is oriented by the direc- 
tion of the external magnetic field of the modulated 
magnetic field which is applied in this instance. As a 
result, the data is recorded on the magenta-optical 
disc. In case of reproducing the data from the mag- 
neto-optical disc, the laser beam is irradiated to the 
perpendicular magnetization layer and the data is re- 
produced change in polarization component of the 
beam of the reflected light beam by a Kerr effect In 
such a magneto-optical disc, an area (hereinafter, re- 
ferred to as a preformat area) in which information 
such as address, sync, orthe like is recorded by phys- 
ical pits, for example, patterns of concave and convex 
shapes Is provided in addition to an area (hereinafter, 
referred to as a recording area) in or. from which user 
data is mag neto-optically recorded and reproduced. A 
signal of the physical pits is reproduced on the basis 
of the level of the reflected light beam from the ma- 
genta-optical disc. 

A continuous servo method is known as a track- 
ing servo method of such a magneto-optical disc. !n 
this case, pregrooves are formed on the magenta- 
optical disc arranged in a spiral or coaxial circles. The 
continuous servo method uses two photodetectors 
which are formed bi being divided in the tangential di- 
rection of a recording track formed on the magn to- 
optical disa The two photodetecters receive the re- 
flected light beam from the magneto-optical disc. In 
the continuous servo method, the tracking servo is 
executed by using the signal detected the pre- 



grooves. That is. in the continuous servo m thod. a 
tracking error signal which is obtained from a push- 
pull signal as a difference signal between the output 
signals from the two photodetectors. 

5 As mentioned above, the recording area in which 

no pit is formed on the land between the pregrooves 
and the preformat area in which pits are previously 
formed on the land are provided for the magneto-opt- 
ical disc. The push-pull signals are influenced by the 

10 form of the pregrooves and are also influenced by th 
form, the duty ratio or other condition of the pits which 
are recorded on the land. As a result, according to the 
conventional magneto-optical disc, the characteris- 
tics of the push-pull signal from the preformat area in 

IS which the pits are previously formed on the land area 
different from the tho§e from the recording area in 
which no pit is formed on the land. Therefore, there 
is a problem such that a stable servo control cannot 
be performed. 

20 An another type of an optical disc has been put 

into practical use. This optical disc has a read only 
area (ROM are) which is recorded on data by physical 
pits, for example, pattern of concave and convex 
shapes, and a recording area(RAM area) which can 

25 be magneto-optically recorded the data and optically 
reproduced the data. The ROM area and the RAM 
area are arranged in one optical disc. Such the mixed 
type of the optical disc can be used in the case wh re 
an operation system, application programs, and dic- 

30 tionary data are recorded in the ROM area and user 
data is recorded in the RAM area. Even in case of 
such the mixed type optical disc, characteristics of 
the push-pull signal from the ROM area in which pits 
are previously formed on the land area different from 

35 those from the RAM area in which no pit Is formed on 
the land in a manner similar to the magneto-optical 
disc mentioned alxjve, so that there is a problem 
such that a stable servo control cannot be executed. 

40 SUMf^ARY OF THE INVENTION 

It is, therefore, an object of the present invention 
to provide an optical disc which can obtain push-pull 
signals of similar characteristics irrespective of the 

45 presence or absence of physical pits which are ar- 
ranged on the land or a duty ratio of the pits. 

According to a firstembodiment of the present in- 
vention, there is provided an optical disc having at 
least one tracking guide and a plurality of pits which 

so are arranged in the space divided by the tracking 
guides. A depth of the tracking guide from the disc 
surface is selected to about Xyi6 to 3X/16 for a wave- 
length X. of a reproducing light beam. A depth of each 
of the pits from the disc surface is selected to about 

55 5Xyi6 to X/2 for the wavelength X of the reproducing 
light beam. 

According to a second embodiment of the pres- 
ent invention, there is provid d an optical disc having 
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first patterns and second patterns. The first patterns 
guides recording and/or reproducing light beam and 
includes a plurality of predetermined length patterns 
which are arranged in a spiral or coaxial circles, A 
depth of the first patterns from the disc surface are 5 
about xyi6 to 3X716 for a wavelength X of the record- 
ing and/or a reproducing light beam. The second pat- 
terns are used recording on or reproducing from data. 
The second patterns including a plurality of pits. A 
depth of the second patterns from the disc surface io 
are about 5kf^ 6 to X/2 for the wavelength X of the re- 
cording and/or the reproducing light beam. 

According to a third embodiment of the present 
invention, there is provided an optical disc having a 
first area which includes a plurality of pits and a sec- is 
ond are includes at least one tracking guide. The pits 
are formed related to predeterrrrtned data, A depth of 
the pits of the first area from the disc surface being 
about X/16 to 3 Xyi6 for a wavelength X of the light 
beam irradiated to the optical disc. The tracking guide 20 
of the second are is arranged in a spiral or coaxial cir- 
cles. The second area is recorded on data in accor- 
dance with the tracking guide. A depth of the tracking 
guide of the second area from the disc surface is 
about 5X716 to X72 for the wavelength X of the light 25 
beam irradiated the optical disc. 

In the optical disc thus constituted in accordance 
with the present invention, the depth of the tracking 
guide from the disc surface is selected to about X716 
to 3X716 for the wavelength of the reproducing light 30 
beam and the depth of the each of the pits from the 
disc surface is selected to about 5X716 to X72 for the 
wavelength of the reproducing light beam, so that al- 
most constant push-pull signals can be obtained ir- 
respective of the presence of the pits or a duty ratio 35 
of the pits. As a result, the similar push-pull signal 
amounts can be obtained even in the preformat area 
haying the pit P and the recording area having no pit 
P and the tracking control can be stabilized. 

40 

BRIEF DESCRIPTION OF THE DRAWING ^ 

The invention will be more readily understood 
with reference to the accompanying drawing, where- 
in: 45 

FIGURE 1 shows an optical disc to which the 
present invention can be applied. 

FIGURE 2 shows arrangement of pits and 
grooves of the optical disc to which the present inven- 
tion can be applied. so 

FIGURE 3 shows a plan view and its cross sec- 
tional view of a preformat area of an optical disc of a 
embodiment of the present invention. 

FIGURE 4 shows a plan view and its cross sec- 
tional view of a r cording area of the optical disc of ss 
the embodiment of the present invention. 

FIGURE 5 shows the result of the measurement 
of a push-pull signal level and a traverse signal level. 



FIGURE 6 shows a plan view and its cross sec- 
tional vi w of a idealized optical disc used for explain- 
ing the present invention. 

FIGURE 7 shows a cross sectional view of the 
optical disc and its waveform of a push-pull signal. 

FIGURE 8 shows a cross sectional view of the 
optical disc and its waveform of a push-pull signal. 

FIGURE 9 shows waveforms of push-pull signals 
when the depth of a pregroove of the optical disc Is 
changed. 

FIGURE 10 shows a cross sectional view of an 
optical disc to which the present invention can be ap- 
plied. 

FIGURE 11 shows a plan view of an another type 
of an optical disc which is applied to the present in- 
vention. ^ , 

FIGURE 12 shows a enlarged plan view of an an- 
other type of an optical disc which Is applied to the 
present invention. 

DESCRIPTION OF THE INVENTION 

An embodiment of the invention will be explain d 
hereinbelow with reference to the drawings. FIGURE 
1 shows an optical disc to which the invention can be 
applied. In FIGURE 1. a recording area RA which is 
recorded data and reproduced the data and a prefor- 
mat area PA in which address signals, sync signals, 
or the like is recorded are provided fora magneto-opt- 
ical disc 1. 

A perpendicular magnetization layer is formed in 
the recording area RA by using a method such as 
evaporation deposition or the like method. The re- 
cording and reproduction of data are executed in the 
recording area RA by the orientation of the magneti- 
zation of the perpendicular magnetization layer. That 
is, as shown in FIGURE 2, pregrooves G are form d 
in the recording area RA along both sides of a land L 
Data is recorded in the performat area PA by physical 
pits,for example, patterns of concave and convex 
shapes, bumps or the like. Namely, as shown in FIG- 
URE 2, in the preformat area PA. the physical pits P 
are formed on the land L in accordance with the re- 
cording data. The pregrooves G are formed along the 
land L 

According to such the magneto-optical disc 1. a 
tracking servo control is executed by using a fact that 
a diffraction light amount of the reflected light beam 
from the pregroove G of a light beam irradiated to the 
magneto-optical disc 1 changes in accordance with a 
tracking error amount In this case, two photodetec- 
tors are used which are arranged between a tang n- 
tial direction of the pregrooves G. Th divided line of 
the two photodetectors are parall 1 to th tangential 
direction of the pregroov s G. These two detectors 
receive the reflect d light beam from the magneto- 
optical disc 1. The tracking error signal can be ob- 
tained from a push-pull signal as a difference signal 
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nn fh^^f 'hT'^'"^ ^"^^ "° pit « formed 

on the land Land preformat area PAin which the pits 
P are formed on the land L are provided on the mag- s 
ne^optical d.sc 1 . The push-pull signal to obtain the 
^adc ng errors,gnal is influenced by the pits P on the 
and L. As a result, the push-pull signals in the record- 

J" ""^"^ "° P'"' ^ °n the land L 

and the preformat area PA in which the pits P are ,o 
formed on the land L are different, so that there is a 

bTefe:ir'^^"^^^^^'----ca^rt 

According to the embodiment of the invention 
therefore, as shown in FIGURES 3 and 4. a depth o^ „ 

length of a reproducing light beam) and a depth of pit 

Thin ^-3H^'GURE 3 shows a 

shape of the preformat area PA a and FIGURE 4 

der 'Jl!f'^ When the 20 

depths Of the pregroove G and pit P are selected as 
mentioned above, the push-pull signals of the similar 
charactenst.cs can be obtained even in the recording 
area RA ,n which no pit is formed on the land L and 
n the preformat area PA in which pits are previously 25 
formed on the land L ^ 
An explanation will be made hereinbelow with re- 

sllT. T ' ^"P*^ of pregmove G is 

se erted to. for example. >J5 and the depth of pit P is 

of the similar characteristics can be derived even in 
he recording area RA in which no pit is formed on the 
land L and m the preformat area PA in which pits are 
formed on the land L as mentioned above 

«f £l°^''^^^^°'^'''«^es"'tso^the measurement 35 
Of Slates in which the push-pull signal level and the 

traverse signal level change when the duty ratio of the 
SSimp f °" the land L is changed. In 

Tff^ . ^^'^^^ shows the duty ratio 

of he pits Rand an axis of ordinate shows the push- 40 
pu I signal level and the level of the sum signal of the 
detertron outputs firom the two photodetectors which 
are obtained when the light beam irradiated by an opt- 
ical head apparatus transverses recording tracks 
which are formed on the magnetc^optical disc 1. 45 
namely, the traverse signal level. In the example, the 
wavelength of the light beam irradiated from the opt- 
ical head apparatus A. = 830 nm. a numerical aperture 
NA= 0.5, an aperture/beam intensity ratio AW= 0 75 
and a depth ^ of the pregroove = XJ5. In FIGURE 5' so 

t?n?ti« 

A1 : traverse signal when the depth of pit is equal to 

: push-pull signal when th depth of pit is equal to 55 
A2 : traverse signal when the depth of pit is equal to 



B2 : push-pull signal when the depth of pit is equal to 
A3 :^traverse signal when the depth of pit is equal to 
B3 :^push-pull Signal when the depth of pit is equal to 

to ^2^^""^ '^'P^'^ °^ ^ P''t '"s «q"al 

B4 ^push-pull signal when the depth of pit is equal to 

FIG(?re1' tT^^^'^^i ^''^ ^Characteristics in 
i« ;J:r , « u '^^^'^ ^«Pth of pregroove 

.ssettoV5.whenthedepthofpitissettoV23(char- 
ac^enstic Shown in B4). In the result, an almos con- 
stant push-pull Signal can be obtained irrespective of 
the duty ratio of the pil^ p. peciive or 

unJTl^^ '^^s^'hed as follows. FIG- 

URE 6 shows an idealized cross sectional view of an 
optical disc. In this optical disc as shown in S re 
6, a groove G3 is formed on a land L1 and g^ov s 
G1 areformedon both sides of the groove G3 for sin^ 
Pl-cfy Of explanation. In this optical disc, the 
G3 corresponds to the pit P and the groove G1 cor! 

depth of the groove G1 issetto*1 and a depth of the 
groove G3 is set to ,^3. A track pitch is set q and a 
width of each of the grooves is set to q/4 

When the numerical aperture NA lies within a 

a p^ai^ : the ; °f ^ ^ ''''^"'^ "he 
an o^fii J f-'^t-order lights overiap on the pupil of 
an optical head apparatus. Therefore, a push-puli sig- 
nal^amount can be obtained by the following equa- 

Ipp = C{sin2(|.1 - sin2.^3 - sin2(*3 - H) 
firom the theory of Hopkins when the numerical aper- 
termt^i?".? ^ ^ "'"-'-nt which is di 

r^^Is °^ ^^^"^ ^^""^ "P"'^^' ^^'^ 

No pit P is formed in the recording area RA This 
corresponds to that the depth ^3 of the groove G3 S 
equal to <fr3 = 0. When *3 = 0 in the above equaHon 

Ipp = 2Csin2(t>1 (2) 
From the above equation, when 

2,^1 = ^2 (3) 
Uie^push-pull Signal amount Ipp becomes maximum. 

^, 2« = X (4) 

the push-pull signal amount Ipp becomes maximum 
when the depth ,^1 of groove G1 is 

i>1 - id6 (5) 
The maximum value in the instance is 
Ipp = 2C (6) 

-^1 S'^^.l'u" ''^P*'' is set to 43 

-3X78 and the depth of the groove G1 is set to 41= 
^8, the push-pull signal amount Ipp is 



4 



I: <eP 0S4652SAI I > 



EP 0 546 525 A1 



PP 



= C 



2C 



(7) 



As shown in the equation (6), a push-puil signal 
amount 1pp similar to that in the case where the depth 
(|)3 of the groove G3 is set to <tt3 = 0 and the depth ^^ 
of the groove G1 is set to <t»1 = 7J6 is obtained. 

From the; analysis of the idealized optical disc io 
mentioned above, as shown in FIGURES 7 and 8, in 
the case where the groove of depth X/B Is provided as 
a groove G1 for tracking, even in the case where no 
groove is formed in the land L as shown In FIGURE 
7 and the case where the groove G3 of the depth 3)J6 is 
is formed in the land L as shown in FIGURE 8, it is 
considered that the similar push^-pull signal amount 
Ipp is derived. 

The characteristics showing a change in push- 
pull signal amount Ipp to the depth of the groove G3 20 
change in dependence on the depth of the groove 
G1. By selecting the depth, corresponding to the 
depth of the groove G3, of pit P in accordance with 
the above characteristics, even In the area having the 
pits P and in the area having no pit P. almost similar 25 
push-pull signal amount can be obtained. 

FIGURE 9 shows a change in push-pull signal 
amount Ipp to the depth of the groove G3 when the 
depth ^^ of the groove G1 is set to 

<(»1 = 30 
<t>1 = X/8 
4>1 = 3Xyi6 

In FIGURE 9 each reference character shows the 
following characteristics. 

C1 : Change in push-pull signal Ipp to the depth of the 35 
groove G3 when the depth of the groove G1 is set to 
<t)1 =X/16 

C2 : Change in push-pull signal Ipp to the depth of the 
groove G3 when the depth of the groove G1 is set to 
<|)1 = V8 40 
C3 : Change in push-pull signal Ipp to the depth of the 
groove G3 when the depth of the groove G1 is set to 
<|>1 =3X716 

As shown in the characteristics C1 in FIGURE 9. 
when the depth of pregroove G1 is selected to 45 
AVI 6. by selecting the depth ^3 of pregroove G3 to a 
value within a range from 5X716 to XJ2, the push-pull 
signal amount can be made almost constant irrespec- 
tive of the presence or absence of the pregroove G3. 
As shown in the characteristics C2. when the depth so 
of the pregroove G1 is selected to X/S, by selecting 
the depth of the pregroove G3 to a value within a 
range from 3X78 to X72, the push-pull signal amount 
can be made almost constant irrespective of the pres- 
ence or absence of the pregroove G3. As shown in ss 
the characteristics C3. when the depth of the pre- 
groove G1 is selected to 3X71 6. by selecting the depth 
of the pregroove G3 to a value within a range from 



X71 6 to X72, the push-pull signal amount can be made 
almost constant irrespective of the presence or ab- 
sence of th pregroove G3 or the duty ratio of the pits 
P. 

Cross sectional shapes of the actual pregroove G 
abd pit P of the magneto-optical disc 1 which is real- 
ized have a taper T in the cross sectional view as 
shown in FIGURE 1 0. Then the taper T exists as m n- 
tioned above, the depths of the groove G and pit P to 
obtain the similar push-pull signal amount in the area 
having the pits P and In the area having no pit P differ 
from the above theoretical values (for example, the 
depth of pregroove G is set to X78 and the depth of 
pit P is set to 3X78). In the result, for example, as 
shown in FIGURE 5, it is considered that when the 
depth of pit P is spt to X/2.3. the push-pull signal 
amounts become almostconstant irrespective of the 
duty ratio of the pits P. 

As shown In FIGURE 11. the Invention can be 
also applied to a mixed type optical disc 11 having a 
ROM area 12 and a RAM area 13. In FIGURE 11. a 
program of an operation system and data such as dic- 
tionary data and the like have previously been record- 
ed by physical pits into the ROM area 12, An external 
magnetic field is written into a perpendicular magne- 
tization layer provided in the RAM area 13 by a ther- 
mal energy due to a light beams from an optical head 
apparatus. As a result, user data is recorded on the 
magneto-optical disc 11. The user data is reproduced 
by using a magneto-optical phenomenon such as a 
magnetical Kerr effect. In such the mixed type optical 
disc 11, by setting the depth of groove for tracking and 
the depth of pit In the ROM area 12 to the above- 
mentioned values, a similar push-pull signal can be 
obtained with respect to the ROM area 12 and the 
RAM area 13 can be obtained. As a result, the stable 
tracking control can be performed. 

By setting the depths of tracking groove and pit 
to the above value, the push-pull signals can be ob- 
tained irrespective of the duty ratio of the pits. As a 
result, as shown in FIGURE 12, it is also possible to 
arrange a pit train as groove for servo and by arrang- 
ing pit trains PI 2 and PI 3 as grooves for servo on 
both sides of the pit train P11. Due to this, data can 
be recorded or reproduced by using changes in push- 
pull signals from the pit trains P12 and P13 for the 
tracking servo. 



Claims 

1. An optical disc comprising: 

at least one tracking guide (G). a depth of said 
tracking guide (G) from the disc surface being se- 
lected to about X716 to 3X716 for a wavelength X, 
of a reproducing light beam; and a plurality of pits 
(P) arranged in between spaces divided by said 
tracking guides (G). a depth of each of sakJ pits 
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Sl7to f':,^"'-^^^^ "^'"9 selected to about 

■nn h?K ^avelengtfi of the reproduc- 

ing light tjeam. 

dL h J ''"'"■"^ guides (G) is Ay5 and said 
depth of said pits (P) is xy2.3. 

3. An optical disc comprising- 

first patterns for guiding a recording and repro- 

oTurSfJ"?' ' patterns' indurgt 
a n rllTf '"'^'■"^ '«"9th patterns whL 
«f L n f <='r<='es. a depth 

Of said first patterns from the disc surface beina 
about V16 to 3A/16 for wavelength X oHhe 
cording and/or reproducing light beam; and 
second patterns for using recording on and/or re- 

ZT:T rr f'*^' ^"■'^ ^""'^ litterns incut 
.ng a plurality of pits (P). a depth of said second 

o x/2 for the wavelength of the recording and/or 
reproducing light beam. 

frcn^w"^ h'"'' «^aim 3. Wherein said 

rf-rprr^'""^^^'"^^"-"^ - 

^' t"nT!.?' *° 3- ^^^^"^ said 
said Ji.^ 'ength patterns of 

:^te(P?l/^fr^ " '"'^ ^"'■'^ "^^P*^ °f said 
pits (P) of said second patterns Is X/2.3. 

6. An optical disc comprising- 

PitL'TpfSnTf P'"'^"'^ of P'-ts (P). said 
Site a den h' "T- '^"""^ Predetermined 
data a depth of said pits (P) of said first area from 
the discsurface being about V16 to SA/ieforw^ 

rr(5^;d"^""^^'-^----''«^^^^ 

a second area including at least one trackino 
guide (G). said tracking guide (G) being arraS 

r'r'r '^"'^ '^''^ second area belnl 

recorded on data in accortance with said track "g 
gu.de (G). a depth of said tracking guide (G) of 
said second area from the disc surface beina 
about 5^1 6 to V2 for the wavelengthTthe 2 
beam irradiated to the optical disa 

h t ° 6. ^.herein said 

saS H ?H ""^"'^ ^^«a is xys and 

:^a ?st2 3 ^"'^^^'^^^^--"'^ 
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Fig. 8 
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Fig. 10 
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